Due to the development of the traffic network, more and more excavations of foundation pits nearby highway are brought through. It is a very important question that how to control the influence of the excavation to highway bridge foundation. A practical engineering was studied here. In order to better reflect the influence of foundation pit excavation to bridge pile foundation, 3d numerical analysis method considering the interaction of pit, soil and pile was used. The mechanical behavior in the whole process of the construction of foundation pit was analyzed. The feasibility of the construction method and corresponding supporting measures was discussed. The effect of grouting reinforcement was also discussed. By the results, retaining piles have shield effect on the stress of bridge piles and using grouting reinforcement can greatly reduce the deformation of surrounding soil.
Introduction
Due to the development of the traffic network, more and more excavations of foundation pits nearby highway are bringing through [1] [2] [3] [4] . It is a very important question that how to control the influence of the excavation to highway bridge foundation. There is an inter-city rail transit project passing under the highway bridge by single double cross rectangular frame tunnel structure. There are four highway bridge piers with single pile foundation distributed on both sides of the through section. Bored piles of bracing of foundation pit are near the eight bridge piers. The minimum distance between bridge piers and bracings of the foundation pit is 0.86m and the maximum distance is 10.06m. Because the distance was small and the excavation range was big, the construction would cause deformation of the soil around the base and the excavation would inevitably have an influence on the existing bridge foundation. In order to ensure the construction of the tunnel, it has very important practical significance to carry out the study of the influence of the construction of foundation pit to surrounding strata and nearby structures and to predict the displacement of foundation.
Protection of foundation pit and the pile foundation of highway bridge
The width of the foundation pit was about 16.8m and the height was about 15m. Drilling supporting piles of Φ 800@1000 and internal support were adopted by supporting structure of the main pit. Sealing jet piles of Φ 600 were used between drilling piles. Jet piles and supporting piles were with the same length.
There were two internal supports in the pit. The first one was reinforced concrete support with section of 0.8x1.0m about 1m under the ground. The second one was steel support about 7m under the ground. Pour support was set during support removal in order to control the displacement of the support structure during the excavation and backfilling of the foundation pit.
Protective measures of foundation pit excavation were as below: 1) Increase the interval of the jump construction of the piles during the construction of supporting structure so as to reduce the disturbance to the soil of bridge piles and the displacement of the strata.
2) Pay more attention to excavation segmented, stratified and partialed in the process of foundation pit excavation so as to make full use of the "time-space effect".
Isolation piles were set between bridge piles and open-cut pit. Isolation piles were double row jet grouting piles with length not less than length of the retaining piles of foundation pit. The single pile foundation under bridge pier were grouting reinforced. By grouting reinforcement, the soil porosity were filled in order to control the loosening of soil, collapse, foundation deformation and uneven settlement caused by the construction.
Calculation the effect of the construction of foundation pit to the bridge pier
The displacement of surrounding soil coursed by the construction of tunnel will lead to lateral displacement and load carrying when there is foundation pit construction among the bridge pile foundation. It will influence the bearing capacity of pile foundation and endanger the safety of the existing bridge structure.
In order to better reflect the influence of foundation pit excavation to bridge pile foundation, 3d numerical analysis method considering the interaction of pit, soil and pile was used [5] . Lining is C30 concrete and pile is C40 concrete. The length of bridge piles are 25m. The parameters of rock and soil layers were shown in Table 1 . 
Calculation conditions
Two conditions were considered. Condition 1: Don't consider installing jet grouting pile and grouting reinforcement The stages of excavation and support were as below: 1) Operate the bored pile with the length of 20m around the foundation pit; 2) Excavate the ground from 0m to 3m below the ground; 3) Operate the first concrete support of the pit; 4) Continue to excavate the pit to 10m depth below the ground; 5) Operate the second steel support of the pit; 6) Continue to excavate the pit to the bottom of the pit; 7) Operate the bottom plate and side walls, remove the second support of the pit and set a pour support; 8) Operate the side walls and the roof, remove the first support of the pit and backfill of the pit; Condition 2: Consider installing jet grouting pile and grouting reinforcement. The stages of excavation and support were the same to the above of condition 1.
Modeling
After excavation, the magnitude of changes of secondary stress of the rock mass will reduce with the deep interior. Where the distance is 3D (D is subway-span), there are only 3% of its changes, and therefore, it can be broadly considered that rock mass outside the scope will not be influenced [6] . Thus, the range for calculation could roughly be determined. According to its plan diagram and profile diagram, the longitudinal length x, the horizontal width y and the vertical length z of the model were taken as 100m，84m and 60m respectively. The upper was set to the surface according to the actual depth of soil. The parameters of rock and soil layers were shown in Table 1 .
The soil was simulated by Mohr-Coulomb elastic-plastic model. Concrete support and steel support were simulated by elastic model. Bridge pier was simulated by spatial elastic model according to their actual dimensions. Contact elements were adopted to simulate the pile-soil's reciprocity. There were 94000 elements and 99835 nodes in the model. 
Results
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The stress and deformation of the supports and retaining piles were shown in Table 2 . Retaining piles were mainly compressed. In condition 1, the tensile stress in the top of retaining piles was close to the tensile strength design of concrete materials. The reinforcement of pile top should be increased appropriately. And it should pay more attention to monitor pile top in order to prevent concrete crack developing too large. Compared to condition 1, condition 2 considered installing jet grouting pile and grouting reinforcement. During calculation, the parameters of condition 2 were improved for installing jet grouting pile and grouting reinforcement. Under this condition, the stresses of the supports were reduced. Table 2 . Stress and deformation of the supports and retaining piles
Pf:(→←) shows the retaining piles produced the displacement toward the foundation pit.
The maximum horizontal deformation of the retaining piles was 8.30 mm beneath the first support when the pit was excavated to the bottom in the process of excavation. According to the foundation pit level is the level 1, the maximum horizontal deformation of the support structure is no more than 0.15%H (H is the height of the pit) and 30mm. Therefore, deformation of the foundation pit meets the requirements in the existing retaining conditions.
Stress and deformation of the bridge piles
During calculation, the vertical settlements were small. The differential settlement of piles was almost zero. It suggested that retaining piles of pit in vertical direction had effect on stress. The deformation of bridge piles are mainly lateral displacement. The lateral displacement and the slope of the pile body in the excavation of foundation pit were shown in Table 3 . Bridge pile 1 was the nearest to the foundation pit. The results show that the closer the bridge pile and foundation pit, the greater the displacement of the bridge pile, that is, the greater the influence to the bridge pile. The differential settlement of piles and the maximum settlement of bridge pile were small. The differences of displacement of piles in transverse direction of bridge were less than 5 mm. The vertical displacement differences were in allowable. Therefore, the tunnel construction had no adverse effect on the existing bridge structure. It can meet the requirements of normal use. Compared to condition 1, the maximum of the lateral displacement of the bridge pile under condition 2 were reduced by 61%. It suggests that grouting strengthening can improve the ability of the soil resistance to deformation greatly and it can control the deformation of bridge piles.
Conclusion
Retaining piles have shield effect on the stress of bridge piles. In these protection and reinforcement measures, foundation pit excavation has little effect on the bridge piles. Deformations of piles are mainly lateral displacements toward the foundation pit in the excavation and vertical settlement are small. The slope and deformation are in allowable. The construction of this foundation pit has little effect on bridge foundation. The bridge is in normal use. Using grouting reinforcement can greatly reduce the deformation of surrounding soil.
In order to reduce the influence of excavation of foundation pit, it should pay more attention to excavation segmented, stratified and partialed in the process of foundation pit excavation to ensure the stability of the foundation pit. In the construction of the foundation pit, it should strengthen the real-time monitoring of the settlement of bridge piers. If the differential settlement of piers is beyond the allowable, adjustment should be carried out in time.
